Spectral behaviour of strain and thermal sensitivities of two superimposed fibre gratings of two different Bragg wavelengths has been studied. This involves monitoring the Bragg wavelength as a function of strain and temperature on the gratings. The results show that the ratio of sensitivity at two different Bragg wavelengths (850 nm and 1300 nm) is different with strain and temperature, which can be used for simultaneous measurement of these parameters in fibre grating sensors.
Introduction
Considerable research effort has been devoted to fibre Bragg grating sensors, which are particularly well suited for measuring strain in smart structures1 . However, undesirable temperature sensitivity of the fibre grating sensor may complicate its application as a strain gauge.
On a single measurement of the Bragg wavelength shift, it is impossible to differentiate between the effects of changes in strain and temperature. It has been suggested that temperature can be measured and compensated using a second grating element contained within a different material and placed in series with the first grating element. Also thermal effects can be well-compensated using a pair of fibre gratings in a certain configuration3. Two-parameter scheme, measuring two different wavelengths or two different optical modes, allows some discrimination between strain and thermal effects4'5. An extended set of parameters can be obtained using dispersive Fourier transform spectroscopy6.
In fibre grating sensors, to resolve these two effects it is logical to measure two different Bragg wavelengths, nevertheless, little is known about the ratio of sensitivity at two Bragg wavelengths with relation to strain and temperature. It is important to understand this dependence, and in this paper we present the initial results of our recent studies of this effect.
Principle
Assuming that the strain-and thermally-induced perturbations are linear, the Bragg wavelength change A, in response to a strain change AE, at constant temperature, can be expressed as:
where K=ôX/ôc is related to the Poisson's ratio of the fibre, components of the strain-optic tensor, and the effective refractive index ofthe fibre core. Similarly, the thermally-induced Bragg wavelength shift AX1-, due to a change in temperature AT, may be given by:
AATKTAT (2) where KT=aAJaT is determined by the thermal expansion coefficient and the thermooptic coefficient. In general, the change in Bragg wavelength LB of the fibre grating, can be expressed as:
B(c,T)EAKTAT (3) This assumes that the strain and thermal response are essentially independent, ie. the related strain-temperature cross-term is negligible, a behaviour which has already been found to apply well for small perturbations1. As a result, for the two Bragg wavelengths to be measured, the following relation holds: B1 IC1 KT1 AC (4) B2 Ke2 KT2 AT where 1 and 2 refer to the two wavelengths. As the photoelastic and thermo-optic coefficients are wavelength dependent, wavelength changes of each of the two superimposed gratings will be different although each grating is subject to the same level of strain. In other words, this suggests a way of simultaneous measurement of strain and temperature, or compensation for the temperature during strain measurement. The elements of the K matrix can be determined experimentally by separately measuring the Bragg wavelength changes with strain and temperature. Once K is known, changes in both strain and temperature can be determined using the inverse of equation 4 provided that the matrix inversion is well-conditioned.
Experiment and Discussion
The key sensing elements are the superimposed fibre gratings, with nominal Bragg wavelengths of''1298nm and '-'848nm, peak reflectivities of''7O% and '-55%, and optical bandwidths of '-O.9 nm and O.45 nm (FWHM), respectively. The experiment is shown in Fig. 1 . Light from the 850nm and l300nm ELED's, of bandwidth (FWHM) '-56nm, was split via two corresponding fibre couplers to the gratings and the light reflected from the two fibre gratings was monitored using a commercial optical spectrum analyzer (ANDO AQ-63 lOB).
Strain was applied using a micrometer driven stage and temperature measurement results were obtained using a Peltier heat pump and a thermistor controlled by a thermoelectric temperature controller. For convenience of demonstrating the concept, the four elements of the K matrix were obtained by separately measuring the Bragg wavelength of each fibre grating, for changes in strain only and subsequently for changes in temperature only. Linear regression analysis gave correlation coefficients of O.998 for all four relationships for a strain range of 0-800 pstrain and a temperature range of 10-60°C. The measured values of the K elements were: K1 =O.96±6.58x103 pm/.tstrain K1 =8.72±7.7x102 pm/°C K2 =O.59±3.45x103 pm/.tstrain K =6.30±3.7x102 pm/°C which gives for the determinant of K a standard error of 7.4%, thus the matrix is wellconditioned. Typical errors were around 1 0 microstrain and for the measurement range of 800 microstrain and 50°C. The inaccuracy of the larger temperature excursions can be attributed to the limited resolution of the spectrum analyser and strain and temperature measurement range. Using a more accurate interrogating system, which is currently under development, we would expect to improve the matrix conditioning and thus achieve higher sensitivities for the wavelength measurement.
Conclusion
We have demonstrated the feasibility of simultaneous measurement of strain and temperature using two superimposed fibre gratings. Work is being directed towards extending the strain and temperature measurement range, to improving the measurement resolution using a more accurate interrogating system. 
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